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SYNOPSIS. 


The lower limb remains of Gough’s Cave | retain most of the pelvis, both femora, one complete tibia and portions 


of the other, sections of both fibulae, two tarsals and three metatarsals. They are those of a largely average European Mesolithic 
young adult male. Overall diaphyseal robusticity is generally similar to that of other Mesolithic specimens, even though the fibula 
and third metatarsal appear gracile. Musculo-ligamentous attachment areas are generally weakly marked. The proximal femora 
and the femoral diaphyses exhibit a clear asymmetry, especially in their neck-shaft angles and diaphyseal dimensions, which is 
is accompanied in the pelvis by a greater degree of left iliac lateral flare. These aspects are associated with a pelvis that combines 
several distinctly male characteristics with an overall pelvic aperture shape which is female. 


INTRODUCTION 


The Gough’s Cave | skeleton retains a largely complete pelvis 
(which has been permanently articulated), both femora very well 
preserved, most of the right tibia and fibula, portions of the left tibia 
and fibula, the complete right talus and cuboid, and three complete 
metatarsals. As such, Gough’s Cave | retains essentially complete 
anatomy on at least one side from the L5-S] articulation to the talo- 
calcaneal articulation, with additional data from the subtalar skeleton. 


MATERIALS 


The description of the Gough’s Cave | lower limb remains includes 
extensive osteometrics (Tables 1-5, 10, 11, 16-21). To evaluate 
some of these dimensions and the resultant proportions, comparative 
summary statistics (as available) are included for other European 
Mesolithic remains. These include remains from the sites of Arene 
Candide, Los Azules, Bichon, Birsmatten, Bottendorf, Riparo 
Continenza, Culoz, Gramat, Grotte des Enfants, Hoédic, Holmegard, 
Koelbjerg, Kosor Glas, Loschbour, Moita do Sebastião, Molara, 
Mondeval, Muge (N = $57), Obercassel, Parabita, Le Peyrat, Le 
Rastel, Rochereil, Romanelli, Romito, Riparo Tagliente, San Teodoro, 
Sejrø, Téviec, Unseburg, Uzzo, Vaegensg, Vatte di Zambana, and 
Veryier | (Pittard & Sauter, 1946; Graziosi, 1947; Combier & Genet- 
Varcin, 1959; Barral & Primard, 1962; Genet-Varcin et al.. 1963: 
Patte, 1968; Cremonesi et al., 1972; Ferembach, 1976; Paoli et al., 
1980; Holliday, 1995; Holt, 1999; Churchill, pers. comm.). These 
comparative remains vary in age from terminal Paleolithic to well 
within the western European Mesolithic, approximately between 
12,000 and 6,000 years B.P. They should bracket reasonably well the 
Gough’s Cave | remains in age. 

The most detailed metrics are available for the Gramat, Hoédic, 
Rochereil and Téviec remains, but the other specimens fill out the 
samples for the more commonly reported measurements (e.g., long 
bone lengths and diaphyseal diameters). For diaphyseal metrics, the 
femoral (proximal and midshaft), tibial (proximal) and fibular 
(midshaft) samples are dominated by the large sample from Muge. 
Consequently, when the Muge sample is significantly different from 
the remainder of this ‘Mesolithic’ sample, summary statistics for it 
are provided in addition to those for the total sample. 
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Of the 39 comparative specimens other than those from Muge, 26 
are male, 12 are female and 1 has unknown sex. In the Muge femoral 
sample (the largest sample for the bones providing relevant data), 33 
are male and 24 are female. This is therefore a male biased sample, 
but given the probable male sex of Gough’s Cave 1, this is not 
inappropriate. 


METHODS 


The majority of the metric comparisons involve traditional 
osteometrics and associated indices. For these, the values for Gough’s 
Cave |, the total ‘Mesolithic’ sample, and the male Mesolithic 
samples are provided as mean + standard deviation in the appropriate 
text position. Except for Gough’s Cave 1, right and left values were 
averaged prior to computing the sample summary statistics. 

In addition, it is appropriate to include cross-sectional geometric 
parameters (cross-sectional areas and second moments of area) into 
the description and analysis of the long bone diaphyses of fossil 
hominids. Consequently, these data are included for Gough’s Cave 1 
in the description of the femoral and tibial diaphyses (Tables 6, 8, 12, 
14). Comparative data are less abundant. They have been generated 
for the full femoral and tibial diaphyses (five sections each) by S.E. 
Churchill and myself for most of the Mesolithic remains from 
Gramat, Hoédic, Rochereil and Téviec; additional data for the proxi- 
mal and midshaft femur and midshaft tibia are available from B. Holt 
(1999) (see Tables 7, 9, 13, 15 for sample sizes). 

All of the Gough’s Cave 1 and most of the comparative Mesolithic 
cross sections were reconstructed using transcriptions of the subpe- 
riosteal contours and interpolations of the endosteal contours from 
anterior, posterior, medial and lateral cortical thicknesses. These 
were done at 20%, 35%, 50%, 65% and 80% of biomechanical 
length, as preservation permitted. The subperiosteal contours were 
taken using silicone putty molds [using Cuttersil Putty Plus (Heraeus 
Kulzer Inc.)] perpendicular to the diaphyseal axis, which were then 
transcribed onto paper. Cortical thicknesses were measured on antero- 
posterior and medio-lateral radiographs of the diaphyses, correcting 
for parallax using the subperiosteal diameters. The endosteal con- 
tours were manually interpolated using the cortical thickness 
rectangle to limit their extent and the subperiosteal contours as a 
guide. The resultant cross sections were digitized and cross-sec- 
tional geometric parameters were computed using a PC-DOS version 
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(Eschman, 1992) of SLICE (Nagurka & Hayes, 1970). All sections 
were digitized twice and the results averaged. 

From this, six primary measurements were computed. These 
included total subperiosteal (TA) and cortical (CA) areas, from 
which medullary area (MA) can be computed, as well as the second 
moments of area relative to the antero-posterior ad) and medio- 
lateral (1) axes, the maximum second moment of area ( Hl edb and the 
perpendicular to laa (lan) The polar moment of area (J, or 1). a 
measure of torsional rigidity and overall strength, is the sum of any 
two perpendicular second moments of area (usually 1 + Tni but 
also equal to 1 +1)) 

For a few of the Mesolithic comparative specimens, subperio- 
steal contour molds were unavailable. For these, the 
cross-sectional parameters were computed using standard ellipse 
formulae (Runestad et al., 1993) from the subperiosteal diameters 
and cortical thicknesses. Given the antero-posterior and medio- 
lateral orientations of the radiographs, the resultant cross-sectional 
measures include only cross-sectional areas and antero-posterior 
(I) and medio-lateral (1 ) second moments of area, plus the polar 
moment of area computed as the sum of I, and I,. For these, the 
resultant computed values were corrected for parallax and non- 
ellipse shapes of the cross-sections using least squares regressions 
between the radiographically determined measurements and the 
cross-sectional values obtained from digitizing the same sections 
of the other Mesolithic femora or tibiae. 

To assess proportions in the Gough’s Cave | diaphyses using 
cross-sectional parameters, three shape indices were computed, 
percent cortical area (%CA: (CA/TA) x 100), AG (as a ratio) and 
1 aT pin (@lso as a ratio). The last two assess diaphyseal shape at the 
cross section locations, the former with respect to the anatomical 
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axes and the latter with respect to the axis of maximum bending 
rigidity. The second is especially appropriate in the proximal femo- 
ral diaphysis and along the tibial diaphysis, given varying degrees of 
torsion in the proximal epiphyses of these bones. 

To assess robusticity, and hence to scale the cross sectional 
parameters to appropriate body size and beam characteristics (Ruff 
etal., 1993), cortical areas (as a reflection of axial loading levels) and 
polar moments of area (as a measure of resistance to bending and 
torsional loads) should be plotted against appropriate powers of long 
bone lengths adjusted for variance in body laterality and crural 
indices. Cortical areas should scale to body mass, which is propor- 
tional to femoral length cubed (Ruff et al., 1993). Polar moments of 
area should scale to body mass times beam length, all raised to the 
four-thirds power (Ruff et al., 1993). In other words, for the femur J 
œ (FL? x FL)? = FL'®? and for the tibia J = (FL? x TL)? =FL*x TL”. 

However, given the apparently similar degrees of body laterality 
and crural indices across these European terminal Upper Paleolithic 
and Mesolithic samples, as is expected by theoretical considerations 
(Ruff, 1991) and supported by current data (Holliday, 1995; Holliday 
& Churchill, 2003), it is appropriate to simply scale logged cortical 
areas and logged polar moments of area against logged bone length. 
Since this approach avoids determining the actual allometric scaling 
coefficient for each of these bones, it is employed here. 

In addition, even though comparative data are not available, 
metatarsal midshaft cross-sectional geometric measures are pro- 
vided (Table 20). They were computed from radiographically 
determined subperiosteal diameters and cortical thicknesses using 
ellipse formulae (Runestad et al., 1993) after the radiographic meas- 
urements were corrected for parallax using the osteometrically 
determined diaphyseal diameters. 


Fig. 1 Ventral (left) and dorsal (right) views of the sacrum; x 0.75. 


GOUGH'S CAVE 1: STUDY OF PELVIS AND LOWER LIMBS 


PELVIC REMAINS 


Inventory 


The pelvis is conserved fully articulated, with the two coxal bones in 
articulation with the sacrum and with each other at the pubic sym- 
physis (Figs 1-5). As a result, overall dimensions and proportions are 
readily ascertainable, but the configurations of the sacroiliac and 
pubic symphyseal surfaces are not observable. In addition, there is a 
bolt transversely through the sacroiliac articulations, the S2 and the 
dorsal ilia which maintains the pelvis in articulation. It is only 
apparent on the external ilia just dorso-cranial of the dorsal greater 
sciatic notches. 

Despite minor abrasion to several of the margins, there is no 
apparent distortion to any of these bones, and adhering matrix is thin 
and scattered. This makes morphological observations on them 
highly reliable. 


Sacrum. The sacrum is largely complete from the cranial S1 to the 
caudal $5, with minor abrasion to several of the edges. The primary 
areas of abrasion are across the sacral promontory producing a 
rounded margin, and on most of the S1} cranial disk surface and the 
cranial surfaces of the alae. There is also minor surface bone loss 
along the edges of the sacro-iliac articulations, but it is largely 
obscured by their articulations with the ilia. There is also a rounded 
hole dorso-ventrally through the S2 body, the result of a bolt placed 
through it for the previous mounting of the articulated skeleton in the 
Gough’s Cave Museum. 


Right Coxal Bone (No. 1.1/23). The right coxal bone is essentially 
intact. There is abrasion to the ventro-caudal ischio-pubic ramus 
margin just ventral of the ischial tuberosity, to the internal margin of 
the mid iliac crest, and along the superior auricular margin extending 
on to the dorsal arcuate line. In addition, the middle of the iliac fossa 
has an area of adhering matrix and a small hole (maximum diameter: 
6.5mm) in the middle of that area. All of the iliac crest is present, 
even though it is partially fused. 


Left Coxal Bone (No. 1.1/24). The left coxal bone is similarly 
intact without distortion. It shares the same abrasion to the ventro- 
caudal margin of the ischio-pubic ramus just ventral of the ischial 
tuberosity and to the cranial margin of the auricular surface and 
adjacent arcuate line. In addition, there is a notch of bone missing 
from the ventral ilium just below the anterior superior iliac spine, and 
there is a large hole (31.8mm dorso-ventral and 23.0mm cranio- 
caudal) in the middle of the iliac fossa. The iliac crest is present 
ventrally, but it was (at least partially) unfused between the iliac 
pillar and the iliac tuberosity and is absent from that portion of the 
ilium. 


Pelvic Morphology 


Sacrum (Table 1; Fig. 1). The Gough’s Cave | sacrum retains five 
clear sacral vertebrae. In this they follow the pattern of the majority 
of recent humans (Schultz, 1930). Despite damage in the regions of 
the auricular surfaces, it appears that the lateral portions of the 
sacrum and their dorsal neural arches were fully fused at the time of 
death. However, the bodies remain largely separate across their 
ventral margins. The degree of fusion of the sacral bodies and the 
pattern of fusion (from caudal to cranial) primarily reflects the young 
adult age of the individual and not an unusual pattern or degree of 
sacra] fusion. 

The ventral length of the Gough’s Cave | sacrum of ca.123.7mm 
is large for a recent human (Radlauer, 1908). In combination with a 
mean femoral bicondylar length of 436.0mm, it provides a length 


Table 1 Osteometrics of the Gough’s Cave } sacrum. 

Ventral height chord (M-2)! (123.7) 
Ventral height arc (M-1) (131.5) 
Ventral S1 height chord? (32.2) 
Ventral S2 height chord 30.2 
Ventral S3 height chord 25.9 
Ventral S4 height chord 21.8 
Ventral S5 height chord 19.5 
Dorsal height chord (M-3) 124.7 
Antero-cranial breadth (M-5) (110.0) 
Mid sacral breadth (M-9) 83.0 
Base dorso-ventral diameter (M-18) (29.0) 
Base transverse diameter (M-19) 46.2 
Base sagittal angle? 81° 
Base/S1 sagittal angle* 60° 
Canal dorso-ventral diameter (M-16) 17.6 
Canal transverse diameter (M-17) 30.6 


'(M-xx) refers to the equivalent measurement in R. Martin's Lehrbuch der 
Anthropologie {see Brauer, 1988). 

* Cranio-caudal distance between the cranial and caudal margins of each ventral 
body. 

° The angle, in the median sagittal plane, between the tangent to the S1 vertebral disk 
surface and the ventral height chord from S1 to SS. 

* The angle, in the median sagittal plane, between the tangent to the S1 vertebral disk 
surface and the ventral surface of S1. 


index of ca.28.4. This value high for a recent human sample (Warren, 
1897; Trinkaus, 1983) but it is only slightly above a Mesolithic 
sample mean (27.6 + 2.2, N = 14) and very close to the mean of a 
Mesolithic male sample (28.0 + 2.2, N = 11). 

The maximum antero-cranial breadth of the Gough’s Cave 1 
sacrum (ca.] 10.0mm) is moderate compared to other Mesolithic 
remains, and it provides an index against ventral height of 88.9. This 
value is only slightly below that of a highly variable Mesolithic 
sample (91.4 + 8.9, N = 16) and removing the three females from the 
sample moves the mean close to the Gough’s Cave | value (Mesolithic 
males: 89.8 + 8.4, N = 13). 

The sacrum presents a modest degree of ventral concavity, as is 
indicated by an index of the ventral chord to the ventral are of 
ca.94.1. This index is well above the mean of a Euroamerican male 
sample [85.8 + 4.7, N = 50 (Tague, 1989)]. However, it is quite close 
to means of 93.3 for both Mesolithic samples (pooled sex sample: + 
2.5, N = 9; males: + 2.6, N = 8). Most of the curvature present is in 
the vicinity of S4, with only a slight concavity cranial of the S3/S4 
articulation. 

The sacral foramina are all present and prominent. They are 
slightly larger on the left side, primarily in cranio-caudal height, but 
present no unusual features. 

The cranial surface of the S] is notable for the degree of caudal 
slope of the alae, from the lateral margins of the S] body to the 
cranial margins of the auricular surfaces (or their estimated positions 
given damage). The degree of downward slope is indicated by a 
cranio-caudal distance of 21.0mm between the promontory and a 
line between the intersections of the arcuate lines and the auricular 
surfaces. In a parallel way, the S5 body extends caudally from its 
lateral portions, down to a clearly delimited body surface for the Cx] 
articulation. 

The sacral hiatus extends cranially to the level of the S3/S4 
intervertebral body articulation. In two recent human samples, 
Euroamericans and Afroamericans, about a third of the individuals 
have the hiatus extend cranially to the cranial S4 or above [34.3%, N 
= 519 and 30.4%, N = 694 respectively (Trotter & Lanier, 1945)], 
making this pattern in Gough’s Cave | relatively common. 


Ilia (Table 2; Fig. 2). The Gough’s Cave | ilia present relatively 
smooth surfaces but with generally clear markings for the various 
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Fig. 2 Dorso-lateral views of the left and right ilia and ischia, with the caudal sacrum; x 0.44. 


Table 2 Osteometrics of the Gough’s Cave 1 ilia, acetabulae and greater 
sciatic notches. 


Right; 1.1/23 Left; 1.1/24 


lliac blade height (M-10) 100.0 100.9 
Iliac blade depth (M-11) D2 (8.0) 


Superior iliac breadth (M-12) 166.0 164.5 
Inferior iliac breadth! 119.4 (113.0) 
Arcuate line chord? - 59.0 
Arcuate line subtense? - 3.5 
Acetabular height* 53.8 535 
Acetabular depth? 24.0 26.1 
Acetabulo-sciatic breadth® 35.6 352 
Greater sciatic notch height” 54.6 (50.0) 
Greater sciatic notch breadth? 40.9 42.2 


! Maximum direct length around the anterior inferior iliac spine and the posterior 
inferior iliac spine. 
* Anterior margin of the auricular surface to the point on the arcuate line where a 
line, perpendicular to the arcuate line and passing through the depth of the psoas 
groove below the anterior inferior iliac spine, meets the arcuate line (Ruff, 1995). 
> Maximum subtense from the arcuate line chord to the arcuate line. 
* Acetabular margin height from the margin adjacent to the anterior inferior iliac 
spine to the most distant point on the inferior acetabulum, measuring only on the 
subchondral bone of the acetabulum proper. 

` Maximum depth from the height chord to the subchondral bone. 
°Miminum distance from the postero-lateral margin of the acetabulum to the ischial 
margin of the greater sciatic notch. 
’ Direct distance from the middle of the ischial spine to the middle of the posterior 
inferior iliac spine. 

Direct distance from the middle of the posterior inferior iliac spine to the posterior 
ischial margin of the greater sciatic notch, taken perpendicular to the ischial margin 
between the notch itself and the ischial spine. 


muscular attachments. Externally, the gluteal abductor surfaces 
show little relief. One can perceive a M. gluteus minimus line curving 
from the iliac crest to the greater sciatic notch region, and there is 
smooth vertical ridging on the surface dorsal of that line. Internally, 
there is erosion on both sides but the preserved areas are evenly 
concave and smooth. The iliac portions of the arcuate lines are 
rounded angles from the acetabular area to the auricular surfaces. 

The cranial surfaces of the greater sciatic notches are smooth 
bilaterally. The right one, however, presents a prominent pre-auricu- 
lar sulcus, with some rugosity but mostly resorptive bone. The 
well-preserved left one, in contrast, is smooth with no trace of a pre- 
auricular sulcus. 

The iliac crest is moderately developed where it is preserved, with 
minimal rugosity. Similarly, the anterior superior iliac spine is 
modest in its development, producing only a small concavity in 
lateral view between it and the anterior inferior iliac spine (at least on 
the right side, where the bone is intact). The anterior inferior iliac 
spines are prominent and thick, but there is no lateral rotation of the 
spines or internal concavity to them. Yet, they are accompanied by a 
distinct sulcus between them and the acetabular margin, ca.1.5mm 
wide on each side. The attachment area for the long head of M. rectus 
femoris is evident but not accompanied by marked rugosity or 
surface bone resorption. 


Ischia (Table 3; Figs 2,3). The ischial tuberosities are generally 
smooth with prominent proximal depressions for the insertions of 
Mm. semimembranosus. They are clearly differentiated from their 
adjacent acetabular margins as well as from the ventro-lateral surface 


GOUGH’S CAVE 1: STUDY OF PELVIS AND LOWER LIMBS 


Fig.3 Ventro-lateral view of the right ischiopubic region, with ventro- 
medial view of the left ischiopubic ramus; x 0.6. 


Table 3 Osteometrics of the Gough’s Cave | ischio-pubic regions. 


Pubic length! 90.4 90.2 
Acetabulo-symphyseal length? 65.5 70.1 
Ventral pubic ramus thickness? 11.0 11.4 
Symphyseal height (M-18) 41.7 42.4 
Symphyseal breadth (M-19) 20.2 Del 
Symphyseal body breadth* 23 24.0 
Obturator foramen length (M-20) 62.2 61.5 
Obturator foramen breadth (M-21) 36.6 B2 
lschial length 87.0 86.8 
Ischial tuberosity breadth® 27.2 28.5 
Ischio-pubic ramus height’ — 16.2 
Ischio-pubic ramus thickness? — 8.2 
Ischio-pubic chord? 102.8 (102.0) 
Arcuate line chord’? - 125.0 


' Direct distance from the middle of the acetabulum to the medial symphysis. 

? Direct distance from the medial symphysis to the nearest point on the acetabular 
marrgin (McCown & Keith, 1939). 

3 Minimum thickness from the sulcus for the obturator vessels and nerve 1o the 
middle of the cranial surface of the superior pubic ramus (Trinkaus, 1983). 
‘Minimum distance from the middle of the pubic symphysis to the adjacent 
obturator foramen margin. 

5 Mid-acetabular point on the superior margin of the acetabular notch to the furthest 
point on the ischial tuberosity. 

§ Maximum breadth of the muscle attachment area on the tuberosity. 

1 Minimum dimension of the ramus, measured in an supero-dorsal to infero-ventral 
direction, parallel to the ventro-lateral surface of the ramus. 

8 Minimum dimension of the ramus, measured perpendicular to the ramus height. 

° Direct distance between the dorsal end of the ischial spine and the inferior margin 
of the pubic symphysis [Tague (1989) measurement MD]. 

Direct distance along the arcuate line from where it meets the anterior margin of 
the auricular surface to where it meets the pubic symphysis [Tague (1989) 
measurement KO}. 


of the ischium along the obturator foramen. There is a slight develop- 
ment of ridged bone between the dorso-cranial corners of the 
tuberosities and the ischial spines for the bursae of each Mm. 
obturator internus, especially on the left side. However, the sulci for 
each Mm. obturator internus do not impinge on the tuberosities, as in 
many recent and Late Pleistocene humans (Trinkaus, 1996). This is 
accompanied by a strong lateral rotation of the tuberosities, such that 
their primary muscular surfaces are almost in the same planes as the 
external ilia. 
The tips of the ischial spines are absent, but they appear to have 
| been curved inwards and moderately robust. 


| 
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Pubic bones (Table 3; Fig. 3). The pubic bones present prominent 
pubic tubercles for the inguinal ligaments, accompanied by clear, 
angled but not cresting pectineal lines, extending from adjacent to 
the acetabulae to the symphysis. The ventral margins of the superior 
pubic rami are moderately thick (11.0 and 11.4 mm), and end 
ventrally in rounded but downwardly curved margins. The symphy- 
seal bodies are narrow. 

The internal surfaces of the symphyseal bodies and the ischio- 
pubic rami are smooth with only a hint of musculo-ligamentous 
attachments, but the cranial two-thirds of the external ischio-pubic 
rami have strong muscular markings and are ventrally flared. 


Acetabulae (Table 2). There is little of note on the acetabulae 
except for a large pit on each of the subchondral bone surfaces in the 
middle of the weight bearing portion (the middle of the iliac portion 
between the anterior inferior iliac spine and the iliac pillar). The 
details of it are obscured on the left side by adhering matrix, but on 
the right side it is accompanied by a large vascular groove between 
it and the acetabular notch plus a smaller pit 19.0mm ventral of it 
immediately below the anterior inferior iliac spine. 


Pelvis as a Whole (Table 4; Figs 4, 5). The articulated Gough’s 
Cave | pelvis presents a largely symmetrical outline. The only real 
right-to-left contrast is in the degree of iliac flare, in which the left 
ilium is more laterally and less vertically oriented. The only other 
visual difference, the apparently more open sub-pubic angle on the 
right side, is the product of postmortem abrasion to the right ischio- 
pubic ramus. 

The completeness of the Gough’s Cave | pelvis permits compari- 
sons of some ‘obstetric’ dimensions to those of at least recent human 
samples (Tague, 1989). In particular, comparisons are made to 
Euroamerican males, matching sex and approximate geographic 
origin. The pelvic funneling index of Gough’s Cave } (outlet (bi- 
tuberous) breadth vs. inlet breadth: 79.2) is essentially the same as 
the mean of the recent Euroamerican male sample (78.8 + 7.9, N = 
50), and similar to the means of Afroamerican and Amerindian male 
samples and well below the means of similar female samples (Tague, 
1989). However, the inlet, midplane and outlet shape indices (dorso- 
ventral vs. transverse diameter) of Gough’s Cave 1 (100.0, 115.0 and 
104.2 respectively) contrast with those of the Euroamerican male 
sample (79.0 + 7.9, 133.4 + 6.9, 111.1 + 14.1; N = 50). In this, 
Gough’s Cave } has a much rounder pelvic inlet, one which is 
hyperfemale. Its midplane index is low for either males or females, 
and its outlet proportions are between the means of the Euroamerican 
male and female samples. These proportions therefore combine with 
several other aspects of its pelvic morphology in indicating a rela- 
tively female-like but male pelvis. 


Table 4 Osteometrics of the Gough’s Cave | articulated pelvis. 


Pelvic inlet antero-posterior diameter (M-23) 125.0 
Pelvic midplane antero-posterior diameter! 112.0 
Pelvic outlet antero-posterior diameter? 103.2 
Bi-iliac breadth (M-2) 274.0 
Pelvic inlet transverse breadth (M-24) 125.0 
Articular bi-acetabular breadth (M-7) 126.0 
Minimum bi-acetabular breadth (M-7(1)) 115.0 
Bi-spinous breadth (M-8) 97.4 
Bi-tuberous (outlet) breadth? 99.0 
Sub-pubic angle (M-33) 64° 


' Direct distance from transverse ventral line between fourth and fifth sacral vertebral 
bodies to dorsomedial margin of the inferior pubic symphysis [Tague (1989) 
measurement CD]. 

? Direct distance from the ventral apex of the fifth sacral vertebra to the dorso-medial 
margin of the inferior pubic symphysis [Tague (1989) measurement DE]. 

> Minimum distance between the two ischial tuberosities. 


Fig. 5 


Ventral view of the articulated Gough’s Cave | pelvis; x 0.6. 
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GOUGH’S CAVE 1: STUDY OF PELVIS AND LOWER LIMBS 


FEMORA 


Inventory 


Right (No. 1.1/35) 

The right femur is essentially complete. There is minor damage to 
the anterior head margin over an area 15.3mm proximo-distal by 
17.0mm antero-posterior, and there was abrasion to the medial 
margin of the medial condyle which obscures the medial articular 
margin. In addition, there is matrix adhering to the intertrochanteric 
crest combined with surface bone damage. 


Left (No. 1.1/34) 

The left femur is a complete bone with trivial edge abrasion to the 
condyles, and a loss of surface bone to the postero-proximal head 
over an area 21.5 by 19.0 mm. 


Morphology 


The Gough’s Cave | femora are long, slender and relatively straight 
bones, with moderate muscular markings. This is combined with 
moderately sized articulations (Figs 6, 7). 

The maximum and bicondylar lengths of the two bones differ 


Fig.6 Anterior (left) and posterior (right) views of the Gough's Cave 1 femora; x 0.4. 


E. TRINKAUS 


Fig.7 Medial (left) and lateral (right) views of the Gough’s Cave 1 femora; x 0.4. 


slightly, with the right interarticular lengths being ca.6.0mm longer 
(Table 5). However, all of this difference is contained within the 
proximal epiphyses, since the bicondylar trochanteric lengths are 
identical and the left maximum trochanteric length is slightly longer. 


Diaphyses (Tables 5, 6, 8; Figs 6, 7) 

The diaphyses are straight medio-laterally with the minimum breadth 
near midshaft. The femora have moderate anterior curvature, as is 
indicated by subtense/chord indices of 3.1 and 2.9 versus 3.4+0.7 (N 
= 16) fora Mesolithic sample and 3.5 + 0.6 (N = 10) for a Mesolithic 
male sample. It is produced primarily by an anterior angulation in the 


mid-proximal diaphysis with relatively straight more proximal and 
distal diaphyseal profiles. As a result, the positions of the maximum 
subtenses are 43.9% and 39.7% of the chords from their proximal 
ends, values which are only slightly below the means of variable 
Mesolithic (46.0 + 9.0, N = 15) and Mesolithic male (47.1 + 10.4, N 
= 9) samples. 

The diaphyses exhibit clear asymmetry near midshaft with the 
right side being larger. This is reflected in larger right side midshaft 
diameters (Table 5). It is more evident in cross—sectional measures 
(Tables 6, 8), which exhibit a 6.7% asymmetry in cortical area and a 
16.9% asymmetry in the polar moment of area [% asymmetry = 
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Table5 Length measurements of the Gough’s Cave 1 femora and 
osteometrics of the femoral diaphyses . 


Right Left 
Maximum length (M-1) 443.0 437.5 
Bicondylar length (M-2) 439.0 433.0 
Trochanteric length (M-3) 423.0 424.5 
Bicondylar trochanteric length (M-4) 413.0 413.0 
Biomechanical length! 415.3 408.0 
Midshaft antero-posterior diameter (M-6) 33.7 30.2 
Midshaft medio-lateral diameter (M-7) 24.8 23.8 
Midshaft circumference (M-8) 92.0 85.5 
Subtrochanteric antero-posterior diameter (M-10)? 28.2 27.6 
Subtrochanteric medio-lateral diameter (M-9) Biles 31.7 
Subtrochanteric circumference 94.0 93.0 
Anterior curvature chord (M-27) 303.0 295.0 
Anterior curvature subtense 9.5 8.5 
Anterior curvature subtense position? 133.0 117.0 


' Distance parallel to the diaphyseal axis between the intersection of that axis with 
the proximal neck (just media! of the greater trochanter) and the average of the 
positions along the diaphyseal axis of the distal condyles (Ruff & Hayes, 1983). 

? The subtrochanteric diameters are taken as the maximum medio-lateral dimension 
(usually close to the antero-medial to postero-lateral plane of anteversion) and the 
antero-posterior diameter perpendicular to that medio-lateral one. 

3 Distance from the proximal end of the chord to the position of the maximum 
subtense. 


Table 6 Cross-sectional second moments of area of the Gough’s Cave | 
femoral diaphyses (in mm‘ and degrees). 


Right Left 
20% AP second moment of area (I) 35927.1 29219.4 
20% ML second moment of area (I) 39249.1 35295.2 
20% Maximum second moment of area (Ix) 40399.9 36884.4 
20% Minimum second moment of area nin) 34776.2 27630.1 
20% Polar moment of area (J) 75176.1 64514.5 


20% Angle of 1 a (theta) fe 257 
35% AP second moment of area (I) 35539.9 28073.8 


35% ML second moment of area (d) 20315.4 20642. I 
35% Maximum second moment of area (Iia) 35629. 1 28972.0 
35% Minimum second moment of area (I...) 20226.3 19743.9 
35% Polar moment of area (J) 55855.4 48715.9 


35% Angle of !_ (theta) 94° 108° 


50% AP second moment of area (I)) 39160.3 28671.0 
50% ML second moment of area (I ) 21418.6 21693.3 
50% Maximum second moment of area (Ia) 40129.3 30867.6 
50% Minimum second moment of area (Iin) 20449.5 19496.7 
50% Polar moment of area (J) 60578.8 50364.3 


50% Angle of I... (theta) 103° 116° 


65% AP second moment of area (I) 39874.0 29467.0 
65% ML second moment of area (I) 23495.7 22797.5 
65% Maximum second moment of area (Lia) 41309.5 31796.8 
65% Minimum second moment of area (I...) 22060.2 20467.7 
65% Polar moment of area (J) 63369.7 52264.5 


65% Angle of Iaa (theta) 106° ia 


80% AP second moment of area (1) 30878.2 30129.1 
80% ML second moment of area (I,) 31956.3 31368.4 
80% Maximum second moment of area (Ia) 33380.3 34249.7 
80% Minimum second moment of area (lin) 29454.2 27247.8 
80% Polar moment of area (J) 62834.5 61497.5 
80% Angle of l a. (theta) Bile 40° 


((max - min)/max) x 100]. In contrast, in the proximal diaphysis, 
even though the right side continues to be larger, the level of 
asymmetry is much less, with cortical area exhibiting 4.8% asymme- 
try and the polar moment of area providing only a 2.1% contrast. 
The lineae asperae are smooth along the entire lengths of the bones, 
which is possibly the product of the young adult age of the individual. 
They are along prominent pilasters for most of the middle half to two- 
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thirds of the diaphysis. The pilasters are formed by antero-posteriorly 
convex medial surfaces but distinctly antero-posteriorly concave 
lateral surfaces. This results in a sulcus along the lateral pilaster 
especially inthe midshaftregion. The lineae asperae taper off gradually 
disto-medially, ending in moderate adductor tubercles. 

The prominence of the Gongh’s Cave | pilasters is evident by their 
pilastric indices of 135.9 and 126.9. Both of them, and especially the 
right one, are well above the means of Mesolithic (109.5 + 10.6, N= 
52) and Mesolithic male (113.0 + 9.2, N = 34) samples. This is 
further and better illustrated, albeit with smaller comparative samples, 
by the Gough’s Cave 1 L/L and lalan ratios (Table 7) along the 
middle third of the diaphysis (the 35%, 50% and 65% sections). 
Again, the right femur is more pilastric than the left one. 

Proximally, the markings in the pectineal region are very light, and 
they are bordered laterally by small but rugose gluteal tuberosities 
(Fig. 8). Neither gluteal tuberosity is projecting or concave, and there 
is no trace of hypotrochanteric fossae. The right tuberosity fades out 
proximally, but the left one leads to a small tubercle at the proximo- 
distal level of the lesser trochanter. The modest dimensions of the 
Gough’s Cave | gluteal tuberosities are demonstrated by compari- 
sons of their maximum breadths. The absolute breadths (8.2 and 8.4 
mm) are below the means Mesolithic (11.6 + 1.9 mm, N = 17) and 
especially Mesolithic male (12.3 + 1.9 mm, N = 10) samples. This is 
further illustrated by indices between the gluteal tuberosity breadths 
and the geometric means of the associated subtrochanteric diaphy- 
seal diameters — the mean of the resultant values of 27.5 and 28.4 for 
Gough’s Cave ] are 1.91 and 1.98 standard deviations below the 
means respectively of Mesolithic (42.3 + 7.5, N= 17) and Mesolithic 
male (43.0 + 7.6, N = 10) samples. 

The gluteal buttresses are pronounced, with distinct sulci formed 
anteriorly and posteriorly. The right one is covered posteriorly by the 
gluteal tuberosity, but the left gluteal tuberosity covers only the 
medial half of the buttress. Nonetheless, the subtrochanteric diaphy- 
ses of Gough’s Cave 1 are relatively round compared to those of most 
Mesolithic femora. Its meric indices of 89.5 and 87.1 are 2.49 and 
2.84 standard deviations above the means respectively of pooled 
Mesolithic (74.6 + 5.5, N = 85) and Mesolithic male (75.8 + 4.4, N 
= 50) samples. However, the large sample Muge has significantly 
lower meric indices (73.0 + 4.8, N = 55) than the remainder of the 
Mesolithic sample (P < 0.001). Yet even using only non-Muge 
Mesolithic remains for the comparison still places the Gough’s Cave 
1 femora 1.93 standard deviations from the mean (77.5 + 5.6, N = 
30). Similarly, the proximal diaphyseal (80%) 1, /I,,,, ratios are 2.43 
and 2.70 standard deviations below the means of respective Mesolithic 
samples (Table 7). 


Table 7 Comparative femoral second moment of area diaphyseal shape 
indices, 1/1, and 1, /1,,. for Gough’s Cave 1 and Mesolithic samples. 


For Mesolithic samples, mean + SD is given. 


Gough’s Cave I: 


Mesolithic Sample Mesolithic Males 


x y Right; Left 

20% 0.92; 0.83 0.66 +0.08; N=16 0.68 +0.07; N= 10 
35% 1.75; 1.36 1.01+0.15;N=14 1.02+0.20;N=8 
50% 183: le32 1.1840.23;N=55  1.20+40.22; N=37 
65% 1.70; 1.29 100+0.21;N=15 1.08+0.17;N=9 
80% 0.97; 0.96 0.77 + 0.20; N=52 0.79 +0.19; N = 34 
I min 

20% 1.16; 1.33 +0.19;N=13  1.5440.18;N=8 
35% 1.76; 1.47 20+0.12;N=11 1.26+0.12;N=6 
50% 1.96; 1.58 3+0.19;N=45 1.33 +0.19; N=30 
65% EST: Nests 32+0.26;N=12 1.25+0.13;N=7 
80% 1.13; 1.26 1.90 +0.29, N=4I 1.87 +0.25; N =27 
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Fig.8 Proximo-posterior view of the Gough’s Cave 1 femora: x 0.8 (enlargement of Fig. 6, top right). 


Table 8 Cross-sectional area measures of the Gough's Cave I femoral 
diaphyses (in mm’). 


Right Left 
20% Total area (TA) 806.3 alles 
20% Cortical area (CA) 390.4 343.3 
20% Medullary area (MA) 415.9 408.0 
35% Total area (TA) 612.0 562.8 
35% Cortical area (CA) 390.4 417.9 
35% Medullary area (MA) 221.6 144.9 
50% Total area (TA) 595.3 552.9 
50% Cortical area (CA) 507.2 473.3 
50% Medullary area (MA) 88.1 79.6 
65% Total area (TA) 618.8 572.5 
65% Cortical area (CA) 544.1 479.5 
65% Medullary area (MA) 74.7 93.0 
80% Total area (TA) 668.0 668.8 
80% Cortical area (CA) 433.4 412.7 
80% Medullary area (MA) 234.6 256.1 


The overall robusticity of the femoral diaphyses can be compared 
to those of relatively large samples of European Mesolithic femora 
using its midshaft external diameters [((AP x ML)!” / bicondylar 
length) x 100]. The resultant indices are 6.6 and 6.2 for Gough’s 


Table 9 Comparative femoral percent cortical area (%CA = (CA/TA) x 
100) for Gough’s Cave | and Mesolithic samples. 


Gough's Cave 1: 


Right: Left Mesolithic Sample Mesolithic Males 
20% 48.4: 45.6 48.2+4.1;N=16 47.3 + 3.6; N = 10 
35% 63.8; 74.3 67.3+5.8:N= 14 OSES Nim 
50% 85.2; 85.6 TEM) 22 OER INS SS EGIN D 
65% 87.9: 83.6 86.3 + 2.6: N= 15 $5.57 22.72 Ni=19 
80% 64.9; 61.7 77.6 + 8.3, N =52 78.1 + 6.8; N = 34 


Cave 1, the right one of which is on the means of Mesolithic (6.5 + 
0.4, N=47) and Mesolithic male (6.6 + 0.4, N = 31) samples and the 
left one only slightly below them. In this, the large Muge sample has 
a significantly (P = 0.002) lower mean (6.3 + 0.2, N = 19), but its 
inclusion or deletion from the Mesolithic sample has little effect on 
the relative position of Gough’s Cave 1. 

Using midshaft cross-sectional measures, the percent cortical 
areas largely cluster close to the Mesolithic comparative means; only 
the 80% one is relatively low, significantly so with respect to the 
Mesolithic male sample (Table 9). Plots of the midshaft cortical area 
and polar moment of area versus powers of femoral length (Fig. 9) 
largely support the pattern seen in the robusticity indices; Gough’s 
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Fig.9 Plots of the Gough’s Cave ] femoral midshaft logged cross- 
sectional parameters vs. In length (see text). Solid hexagons: Gough’s 
Cave | right and left femora; gray squares: Mesolithic males; open 
squares: Mesolithic females. 


Cave | is well within the Mesolithic distributions, close to the 
middles of the comparative sample distributions in both measures. 


Proximal Epiphyses (Table 10; Fig. 10) 
The proximal epiphyses present overall similar morphologies but 
contrast in several aspects of their proportions, some of which are 
reflected in the slight (ca.1%) length asymmetry. The heads are 
evenly rounded and each has a large fovea capitis placed slightly 
posterior on the head. There is no trace of an Allen’s fossa on either 
femur. The right head is slightly larger, especially in the cranio- 
caudal direction (Table 10), but comparisons of their head sagittal 
diameters to femoral bicondylar length produce similar indices (10.9 
& 10.7), in part due to the differences in femoral lengths. They are 
both very close to the means of Mesolithic (10.7 + 0.5, N = 37) and 
Mesolithic male (10.8 + 0.5, N = 26) samples. 

On the left femur where is it preserved, there is a large obturator 
fossa with a large pit 12.5mm deep from its posterior edge. The 
intertrochanteric crest has clearly marked fibrous spicules running 


Table 10 Osteometrics of the Gough’s Cave | femoral epiphyses. 


Right Left 
Head-neck length (M-14) 80.1 TS, 
Anatomical biomechanical neck length! 37.0 40.0 
Trochanteric biomechanical neck length? 63.0 67.0 
Head sagittal diameter (M-19) 47.7 46.3 
Head vertical diameter (M-18) 48.2 46.3 
Neck circumference (M-17) 97.0 91.5 
Neck-shaft angle (M-29)' 1525 SSF 
Anteversion angle (M-28) 11° 30° 
Greater trochanter depth (M-26(1)) - SMS 
Gluteal tuberosity breadth* 8.2 8.4 
Distal epicondylar breadth (M-21) — 78.5 
Bicondylar breadth® (15.6) 76.6 
Medial condylar breadth (M-21c) (29.4) 29.6 
Lateral condylar breadth (M-21e) 28.3 28.6 
Bicondylar angle (M-30) 10° 10° 
Medial patellar projection (M-24b) 60.7 58.9 
Lateral patellar projection (M-22) 63.6 61.9 
Median patellar projection® 59.0 58.9 
Patellar surface circumference’ 42.0 45.0 
Patellar surface breadth (M-26(3b)) Se 39.] 
Patellar surface depth* 6.0 6.5 
Patellar surface depth position? 13.6 13.6 


' Distance perpendicular to the diaphyseal axis from that axis to the proximal tangent 
to the femoral head. 

? Distance perpendicular to the diaphyseal axis from the proximo-dista] tangent to 
the lateral greater trochanter to the proximal tangent to the femoral head (Lovejoy er 
aS 

* Taken in the anteversion plane of the femoral head and neck. 

+ Maximum breadth of the rugose area for the insertion of M. gluteus maximus on the 
proximal diaphysis (Trinkaus, 1976). 

* Maximum breadth across the external medial and lateral condylar surfaces. 

é Dorsal condylar plane to the tangent parallel to that dorsal plane within the deepest 
portion of the patellar sulcus. 

7 Articular are in the patellar sulcus from the intercondylar margin to the proximal 
patellar surface. 

ë Maximum depth subtense to the sulcus floor, taken from the surface breadth. 

° Position of the depth subtense from the lateral margin of the patellar surface. 


along it, from the capsular attachment, but the interirochanteric lines 
on the anterior surfaces are faint. Both lesser trochanters are strongly 
medially projecting, and the greater trochanters have a clear lateral 
swelling below the M. gluteus medius insertion. The left greater 
trochanter also exhibits a strong beak at its proximo-medio-posterior 
margin. 

The neck shaft angles of the two femora show a moderate degree 
of asymmetry, with the left one being 3° higher. Both of these angles 
(132° & 135°) are relatively high for foraging populations (Trinkaus, 
1993) but not exceptional for a European Mesolithic sample (125.5° 
+ 5.9°, N = 22) or a male one (124.4° + 5.4°, N = 15). However, the 
Gough’s Cave | values nonetheless have z-scores of 1.36 and 1.68 
respectively. 

Of greater asymmetry are the anteversion angles, a modest 1 1° on 
the right side but a pronounced 30° on the left. This asymmetry in 
anteversion angles is reflected in direction but not in degree by the 
values for theta at the subtrochanteric level (37° and 40° respec- 
tively). In comparison, a variable Mesolithic sample provides 
anteversion angle values of 18.2°+ 9.0° (N= 18) and 18.3° + 8.7° (N 
= 12) for males alone. 

The relatively high neck-shaft angles of Gough’s Cave | contrib- 
ute in part to its relatively short biomechanical neck lengths, which 
provide indices relative to bicondylar length 8.4 and 9.2 for the 
anatomical biomechanical neck length and 14.4 and 15.5 for the 
trochanteric one. These are relative respectively to 9.6+0.9 (N= 11) 
and 16.7 + 1.0 (N = 10) for the Mesolithic sample and 9.5 + 0.8 (N= 
7) and 16.9 + 0.7 (N =6) for the male sample. 
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Fig. 10 Anterior view of the Gough’s Cave | proximal femora; x 0.8 (enlargement of Fig. 6, top left). 


Distal Epiphyses (Table 10) 

There is little of note on the Gough’s Cave | distal femoral epiphysis. 
The condyles are rounded with no evidence of femoral squatting 
facets. There is only a small rounded ridge along the supracondylar 
margin of the medial condyles, up to 3.5mm from the condylar 
surface on the left side where it is best preserved. 

Their bicondylar angles of 10° each are well within Mesolithic 
ranges of variation (9.7° + 3.1, N = 19; 8.8° + 2.5°, N= 15 for males 
only), all of which are similar to those of recent humans (Tardieu & 
Trinkaus, 1994). The one measure of distal epiphyseal size for which 
reasonable Mesolithic comparative samples exist, epicondylar 
breadth versus bicondylar length, provides an index of 18.1. It 
suggests a modest but not unusually small epiphysis, given means of 
18.8 for total (+ 1.1, N = 19) and 18.9 for male (+ 1.1, N = 14) 
Mesolithic samples. 


TIBIAE 
Inventory 


Right (No. 1.1/27) 

A complete bone with minor abrasion to the medial half of the 
posterior distal epiphysis and thin adhering matrix around the proxi- 
mal epiphysis. 


Left (No. 1.1/26) 

The bone retains two pieces, a proximal posterior piece of the 
diaphysis with the abraded soleal line (maximum preserved length: 
ca.80.0mm) and a diaphyseal section with all of the surfaces just 
proximal of the distal epiphysis (maximum preserved length: 
ca.50.0mm). Both of the pieces are set in a plaster and papier-maché 
reconstruction of the bone and attached to the left fibula (Fig. 11). 


Morphology 


Even though portions of both tibiae are present, meaningful morpho- 
logical observations can be made primarily on the essentially 
complete right bone. Therefore, the following comments apply to the 
right bone except where noted otherwise. 


Diaphysis (Tables 11, 12, 14; Figs 11, 12) 

The right tibial diaphysis has a gently ‘S’-curved, sharply angled 
anterior crest, which is bordered medially by a smooth and slightly 
convex medial diaphyseal surface. The lateral surface is convex 
between the interosseus crest and the anterior margin and concave 
between the crest and the postero-lateral corner along the proximal 
two-thirds of the diaphysis. Distal of there, it becomes fully convex. 
The postero-medial margin is rounded proximal of the meeting of 
the soleal line with that margin, near midshaft. 

Both tibiae have a distinct but small flexor line, a crest between the 
origins of M. tibialis posterior and M. flexor digitorum longus on the 
proximal posterior diaphysis extending distally from the soleal line. 
On the right bone, it is raised from the subperiosteal surface along 
ca.78mm distally from the soleal line. The soleal line itself is a low 
rugose area proximal of the flexor line, 4.7mm wide near the flexor 
line and 5.3mm wide more proximally. Disto-medial of the flexor 
line, the soleal line becomes a slightly raised crest, extending to the 
medial side distally. The interosseus line is a distinct crest from the 
very proximal shaft to about midshaft, at which level it becomes 
blunt and blends in with the lateral diaphysis. 

The nutrient foramen is located just medial of the flexor line, 
37.5mm distal of the intersection of the two muscular lines. 

The Gongh’s Cave 1 tibial diaphysis, like those of other Mesolithic 
humans, is distinctly platycnemic. Its cnemic index of 55.9 is even 
slightly below the means of Mesolithic (62.4 + 5.8, N = 73) and 
Mesolithic male (61.8 + 6.2, N = 46) samples. Moreover, its 35% to 
80% I /I ratios are all higher than the means of Mesolithic 
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Table 11 Osteometrics of the Gough’s Cave ] right tibia. 

Maximum length (M-1) 385.0 
Medial total length (M-1b) 375.0 
Medial articular length (M-2) 360.0 
Biomechanical length! 360.5 
Midshaft antero-posterior diameter (M-8) 34.3 
Midshaft medio-lateral diameter (M-9) 2S} 
Midshaft circumference (M-10) 87.5 
Proximal antero-posterior diameter (M-8a) 38.1 


Proximal medio-lateral diameter (M-9a) oles 


Proximal circumference (M-10a) 94.0 
Distal minimum circumference (M-]0b) 77.0 
Proxima! epiphyseal maximum breadth (M-3) 76.1 
Medial condyle breadth (M-3a) 34.5 
Lateral condyle breadth (M-3b) 34.4 
Medial condyle depth (M-4a) 46.7 
Lateral condyle depth (M-4b) 40.9 
Tuberosity projection? 48.0 
Medial retroversion angle (M-12) 16° 

Lateral retroversion angle = 

Medial inclination angle (M-13) IDI 

Lateral inclination angle 8° 

Torsion angle (M-14) 20° 

Distal maximum breadth (M-6) 49.1 
Distal maximum depth (M-7) 40.3 
Talar trochlear articular breadth? 30.0 
Medial talar articular depth* 26.2 
Lateral talar articular depth* 3851) 


' The average distance, measured parallel to the diaphyseal axis, from the middle of 
the talar trochlear surface to the middle of each condyle (Ruff & Hayes, 1983). 

* The distance perpendicular to the diaphyseal axis from the antero-posterior middle 
of the condyles to the coronal plane tangent to the anterior surface of the tibial 
tuberosity (Trinkaus, 1983). 

* The medio-lateral breadth of the talar trochlear facet from the antero-posterior 
middle of the lateral margin to the middle of the curve between the trochlear and the 
medial malleolar facets (Trinkaus, 1983; Ruff, 1990). 

‘The minimum antero-posterior dimension of the talar trochlear facet taken adjacent 
to the medial malleolus (Trinkaus, 1983; Ruff, 1990). 

$ The maximum antero-posterior dimension of the talar trochlear facet taken adjacent 
to the fibular articulation (Trinkaus, 1983; Ruff, 1990). 


Table 12 Second moments of area of the Gough’s Cave | right tibial 
diaphysis (in mm* and degrees). 


20% AP second moment of area (1) 14154.4 
20% ML second moment of area ad) 12798.3 
20% Maximum second moment of area (1) 15461.6 
20% Minimum second moment of area Crin) 11491.1 
20% Polar moment of area (J) 26952.7 
20% Angle of l (theta) 1253 
35% AP second moment of area (1 ) 17618.5 
35% ML second moment of area ad) 12738.0 
35% Maximum second moment of area (I) 21220.1 
35% Minimum second moment of area (Li, 9136.4 
35% Polar moment of area (J) 30356.5 
35% Angle of I, (theta) 119° 
50% AP second moment of area (1,) 29204.5 
50% ML second moment of area (1 ) 15067.5 
50% Maximum second moment of area (1) 332127 
_ 50% Minimum second moment of area (1) 11059.3 
- 50% Polar moment of area (J) 44272.0 
50% Angle of l sax (theta) Hise 
65% AP second moment of area (1,) 42160.0 
65% ML second moment of area d) 16796.3 
65% Maximum second moment of area (I) 46262.6 
65% Minimum second moment of area (I) 12693.7 
65% Polar moment of area (J) 58956.3 
65% Angle of l na (theta) 111° 
80% AP second moment of area (I ) $8126.5 
80% ML second moment of area a) 32073.3 
80% Maximum second moment of area (1) 65287.7 
80% Minimum second moment of area (di) 24912.2 
80% Polar moment of area (J) 90199.9 
80% Angle of lon (theta) 115° 


Table 13 Comparative tibial second moment of area diaphyseal shape 
indices, 1 /I_., for Gough’s Cave ] and Mesolithic samples. 


max “min? 


Gough’s Cave 1 Mesolithic Sample Mesolithic Males 
20% 1.35 1.38 + 0.25; N = 12 1320.22) N= 
35% 232 2.23 + 0.40; N = 13 2.19+0.34;N=8 
50% 3.00 2.59 + 0.46; N = 47 2.63 + 0.47; N = 34 
65% 3.64 2.89 + 0.44; N= 16 2.86 + 0.41; N= 10 
80% 2.62 2.44 + 0.46; N=11 2.47 + 0.53; N=8 


Table ł4 Cross-sectional areas of the Gough’s Cave | right tibial 
diaphysis (in mm’). 


20% Total area (TA) 480.2 
20% Cortical area (CA) 224.1 
20% Medullary area (MA) 256.1 
35% Total area (TA) 432.5 
35% Cortical area (CA) 299.5 
35% Medullary area (MA) 133.0 
50% Total area (TA) 491.1 
50% Cortical area (CA) 375.8 
50% Medullary area (MA) 115.3 
65% Total area (TA) 566.8 
65% Cortical area (CA) 404.4 
65% Medullary area (MA) 162.4 
80% Total area (TA) 793.7 
80% Cortical area (CA) 432.5 
80% Medullary area (MA) 361.2 


Table 15 Comparative tibial percent cortical area (%CA = (CA/TA) x 
100) for Gough’s Cave ] and Mesolithic samples. 

Gough’s Cave | Mesolithic Sample Mesolithic Males 
20% 46.7 57.3 +4.8; N=15 55.8 + 3.9; N=9 
35% 69.2 81.0 + 3.0; N= 16 80.8 + 2.5;N=10 
50% 76.5 84.4 + 5.0; N = 53 85.0 + 4.4; N = 38 
65% 71.4 68.6+4.5;N=16 68.2 + 4.3; N= 10 
80% 54.5 See 5 02 N = 5 51.345.4;N=8 


samples, with the 50% and especially the 65% ratios being well 
above those Mesolithic means (Table 13). 

In terms of diaphyseal robusticity, the Gough’s Cave 1 tibia on 
average is similar to those of other Mesolithic specimens. Its percent 
cortical area values are below Mesolithic means for the mid and 
distal diaphysis, but above those means in the proximal diaphysis 
(Table 15). A diaphyseal robusticity index (from the geometric mean 
of the midshaft diameters versus articular length) is 7.5 for Gough’s 
Cave 1, which is very close to the means of Mesolithic (7.6 + 0.6, N 
= 24) and Mesolithic male (7.8 + 0.6, N = 17) samples. The plots of 
midshaft cortical area and polar moment of area versus appropriate 
powers of femoral or tibial and femoral length (Fig. 13) place 
Gough’s Cave | clearly well within the Mesolithic ranges of varia- 
tion is slightly below a number of those specimens. 


Proximal Epiphysis (Fig. 14) 
The tibial plateau presents small intercondylar spines, a distinctly 
concave medial condylar surface, and an evenly convex lateral 
condylar surface. There is a nearly horizontal fibular facet, with its 
maximum dimension of 20.2mm approximately medio-lateral and 
the minimum diameter of 14.5mm approximately antero-posterior. 
There is a clear sulcus for the M. semimembranosus tendon, but there 
is no smoothing of the bone in the sulcus for its insertion. 

The tibial plateau is strongly rotated relative to the diaphysis, with 
a torsion angle of 20°. However, this value is close to the means of 
variable Mesolithic (22.7° + 12.4°, N = 15) and Mesolithic male 
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Fig. 11 
in anterior view; x 0.4. 


(22.4° + 9.9, N = 12) samples. The Gough's Cave | tibia also has 
clear retroversion of the condyles, with a medial retroversion angle 
of 15°. However, this value is also very close to the means of 
Mesolithic (15.3 + 5.1°, N = 18) and Mesolithic male (15.0° + 4.7°, 
N = 15) samples. All of these retroversion angles are normal for non- 
industrial recent humans (Trinkaus, 1975a). 

Similarly, the overall dimensions of the tibial plateau, quantified 
by an index of maximum breadth versus articular length of 21.1 for 
Gough’s Cave 1, is normal for Mesolithic samples (22.4 + 1.8, N = 
12, and 22.1 + 1.5, N= 11 for males only). One feature in which the 
Gough’s Cave ] proximal tibia is further from the mean of the 
comparative samples is in relative tuberosity projection, or the 
posterior displacement of the tibial condyles from the tibial tuberos- 
ity (a measure of the M. quadriceps femoris moment arm through the 
patellar ligament). The Gough’s Cave | value of 13.3 is significantly 


Anterior (left) and posterior (right) views of the Gough’s Cave | tibiae and fibulae, with the heavily reconstructed left tibia and fibula shown only 


above the mean of a small Mesolithic pooled-sex sample (9.4 + 1.4, 
N = 6), and still well above the mean of a male sample (10.5 + 2.0, N 
= 4). 


Distal Epiphysis 
The Gough’s Cave | tibial distal epiphysis is likewise unremarkable. 
Its talar trochlear articular surface, relative to tibial length, is similar 
in size to other Mesolithic tibiae. The index formed by the geometric 
mean of its breadth with the average of its depth measurements 
versus articular length is 8.3 — this value is close to the means for 
Mesolithic (8.1 +0.6, N = 23) and Mesolithic male (8.1 +0.6, N= 18) 
samples. 

It does present a clear lateral squatting facet, 9.0mm wide and 
3.7mm proximo-distal. There is no trace of a medial squatting facet 
or other rounding of the anterior articular margin. 
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Fig. 12 Medial (left) and lateral (right) views of the Gough’s Cave | right tibia and fibula; x 0.4. 


FIBULAE 


Inventory 


Right (No. 1.1/28) 

The bone consists of a proximal section with the proximal epiphysis 
and the proximal half of the diaphysis, plus a distal section with the 
distal quarter of the diaphysis and the complete distal epiphysis. The 
two pieces are joined together by a plaster reconstruction of the mid- 
distal epiphysis (minimum gap: 47.8mm), and its reconstructed 
lengths (Table 16) are based on articulation with the complete right 
tibia. 

Left (No. 1.1/26) 

Most of the diaphysis lacking both epiphyses. The epiphyses are 
reconstructed in plaster and joined to the reconstructed left tibia. 
Maximum preserved length: 279.0mm. 


Morphology 


Even though both of the diaphyses are preserved, most of the 
morphological information and all of the osteometrics derive from 
the separated right fibula. Nonetheless, osteometric comparisons of 
the Gough’s Cave | fibula are limited by poor preservation and 
limited published measurements for other European Mesolithic 
fibulae. 


Diaphyses (Table 16; Figs 11, 12) 
Both fibular diaphyses are very straight, with well formed angles for 
musculo-ligamentous attachments on all of the margins. On anterior 
view, the left one has a slight ‘S’ curve in the distal third, producing 
a slight lateral concavity just below midshaft — the right bone’s 
reconstruction in this region (Fig. 11) may therefore be too straight. 
Even though the various angles are clearly formed, none of them 
present clear rugosities. The primary evident muscular insertions 


Ln 50% Cortical Area 


"5.65 575 5.80 5.85 


Ln Tibia Length 


5.90 5.95 


11.0 11.5 


Ln 50% Polar Moment of Area 
10.5 


9.5 


5.65 5.70 5.75 


5.80 
Ln Tibia Length 


5.85 5.90 5.95 


Fig. 13 Plots of the Gough’s Cave | tibial midshaft logged cross- 
sectional parameters versus loggen tibial length. Solid hexagons: 
Gough’s Cave | right and left femora; gray squares: Mesolithic males; 
open squares: Mesolithic females. 


areas are the soleal line proximally (preserved on the right bone) and 
a broad area on the posterior midshaft (evident on both fibulae). The 
soleal line is a broad, rugose area, 13.5mm long and up to 12.7mm 
wide. It forms a slight depression and has a small lip medially. The 
right midshaft exhibits a broad rugose area ca.40.0mm long along 
the posterior surface. A similar but much less rugose area is present 
on the left diaphysis. The attachments for the distal interosseus (or 
tibio-fibular) ligaments are modest, spiraling from proximo-anterior 
to disto-posterior. 

Morphometrically, the Gough’s Cave | right fibula is similar to 
those of other Mesolithic humans. Its midshaft maximum to mini- 
mum diameter index of 133.6 is moderately below to the means of 
highly variable samples (Mesolithic: 141.6 + 17.7, N = 40; Mesolithic 
males: 140.0 + 18.6, N = 22). It is slightly less robust than most other 
Mesolithic fibulae, as indicated by an index between the geometric 
mean of its midshaft diameters and maximum length (Gough’s Cave 
1: 3.8; Mesolithic: 4.2 + 0.6, N = 20; Mesolithic males: 4.2 + 0.3, N 
=S 

It is also possible, with smaller comparative samples, to assess its 
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Table 16 Osteometrics of the Gough’s Cave | night fibula. 


Maximum length (M-1) (366.0) 
Articular length (M-la) (356.0) 
Midshaft maximum diameter (M-2) 15.9 
Midshaft minimum diameter (M-3) 11.9 
Midshaft circumference (M-4) 45.5 
Neck maximum diameter 13.1 
Neck minimum diameter 10.5 
Neck circumference (M-4a) 37.0 
Proximal epiphyseal medio-lateral diameter 29.8 
Proximal epiphyseal antero-posterior diameter 24.4 
Proximal tibial facet medio-lateral diameter 20.9 
Proximal tibial facet antero-posterior diameter 18.2 
Proximal articular angle’ tie 
Distal maximum depth? 24.9 
Distal articular depth? 19.5 
Distal articular length* 22 
Distal articular angle’ 19° 


! The angle between the antero-medial to postero-lateral plane of the proximal tibial 
facet and the diaphyseal axis. 

? The maximum antero-posterior diameter of the epiphysis, measured parallel to the 
talar surface. 

3 The maximum antero-posterior diameter of the talar articular surface. 

* The maximum proximo-distal diameter of the talar articular facet, measured 
parallel to the long axis of the facet. 

$ The angle in coronal plane of the talocrura! articulation between the chord for the 
articular height and the diaphyseal axis. 


neck proportions. A maximum to minimum diameter index of 124.8 
for Gough’s Cave | is relatively low (Mesolithic: 141.9 + 13.2, N= 
4). However, the size of its neck circumference vis-a-vis midshaft 
circumference (81.3) is close to the values for other Mesolithic 
fibulae (79.8 + 2.2, N = 4). 


Proximal Epiphysis 

The right fibula preserves a large rounded head with a subcircular flat 
facet for the tibia. It is notable primarily for its development of a very 
large ossification of the proximal tibio-fibular ligament (Fig. 11). 
The crest is rounded on its medial margin, 22.8mm long (proximo- 
distally), 13.1mm thick, and projects ca.9.0mm from the adjacent 
head. Interestingly, there is no counterpart on the proximal tibia, only 
the tapering off of the modest interosseus line previously noted. 


Distal Epiphysis 

The right distal epiphysis generally smooth in its external surfaces. 
The digital fossa is modest in size, and the malleolar surface is gently 
convex in a proximo-distal direction. The angle between the proximo- 
distal chord of the articular surface relative to the diaphyseal axis 
(19°) falls close to means of variable Mesolithic (20.1°+ 6.5°, N=7) 
and Mesolithic male (21.0° + 6.4°, N =5) samples. 


TALUS 
Inventory 


Right (No. 1.1/29) 
A complete bone, which has had holes drilled in the medial calcaneal 
surface and the sulcus tali for analytical samples. 


Morphology 


The right talus of Gough’s Cave | (Table 17; Fig. 15) is a modest 
bone with generally smooth surfaces. In overall length relative to 
femoral length, it is very close to other Mesolithic specimens [12.6 
versus 12.6 + 0.4 for Mesolithic (N = 11) and male Mesolithic (N = 
6) samples]. Similarly, its relative trochlear length (versus length) 
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Fig.14 Views of the Gough’s Cave | right tibial epiphyses. Left: posterior proximal epiphysis and diaphysis. Above right: proximal medial 
epiphysis. Below right: anterior distal epiphysis; x 0.8 (enlargement of parts of Figs 11, 12). 


index of 65.1 is just below the means of variable Mesolithic (65.4 + 

4.1, N = 10) and male Mesolithic (65.3 + 4.2, N = 6) samples. 
However, its trochlea is slightly narrower than those of most 
Mesolithic tali, since a trochlear breadth/length index provides a 
value of 79.1 for Gough’s Cave 1, but means of 84.5 (+ 7.5, N = 26) 
and 82.8 (+ 6.3, N = 18) for pooled-sex and male only Mesolithic 
samples. Finally, its neck shaft angle of 23° falls in the middles of the 
ranges of Mesolithic (24.1°+4.4°, N=7) and male Mesolithic (22.9° 
+ 3.5°, N = 6) samples. 

On its talo-crural articulations, it presents several variants of the 
anterior trochlear margin (Table 18). There is a full anterior exten- 
sion of the medial malleolar surface with an associated medial 
extension of the trochlear margin. The lateral trochlear margin 
likewise extends anteriorly, and abuts against a lateral squatting 
facet, the latter matching the one on the distal tibia. 

Plantarly, the medial and anterior calcaneal facets are partially 
fused. They exhibit a non-articular wedge extending 7.8mm in from 
the sulcus tali, leading up to a clear fusion line 8.4mm long. In 
addition, the posterior 8.4mm of the margin between the anterior 
calcaneal facet and the talar head along the postero-medial portion of 

, their border is open. 
The bone lacks a clear sulcus tali facet on the anterior margin of 


the posterior calcaneal surface, but it presents rounding of that 
surface along its more anterior sulcus tali margin. In addition, there 
is a swelling of non-articular bone 14.7mm long in the antero-medial 
portion of the postero-medial end of the sulcus tali. It is up to 4.4mm 
wide, and it abuts against the posterior margin of the medial calca- 
neal facet, remaining separate from the posterior facet. 

Finally, the posterior calcaneal facet has a persistent small sulcus 
3.0mm long extending in near the posterior end of the postero-lateral 
margin of the facet. It is the result of incomplete fusion of the 
ossification center for the lateral posterior tubercle to the talus. 


CUBOID 


Inventory 

Right (No. 1.1/30). 

Complete undamaged bone. 

Morphology 

The right cuboid bone of Gough’s Cave 1 (Table 19; Fig. 15) is a 


Fig. 15 Dorsal (above) and plantar (below) views of the Gough’s Cave | 
right talus and cuboid bone; x 0.9. 


Table 17 Osteometrics of the Gough’s Cave | right talus. 


Maximum (lateral) length! 60.5 
Length (M-1) 55.0 
Articular height (M-3b) 26.0 
Articular breadth (M-2b) 46.7 
Trochlear length (M-4) 35.8 
Trochlear breadth (M-5) 28.3 
Trochlear height (M-6) 11.4 
Lateral malleolar height? 26.5 
Lateral malleolar oblique height (M-7a) 28.0 
Lateral malleolar breadth (M-7) 9.0 
Lateral malleolar length? 29.5 
Head and neck length (M-8) 20.0 


Head length (M-9) 272 


Head breadth (M-10) 21.6 
Posterior calcaneal length (M-12) 35.0 
Posterior calcaneal breadth (M-13) BBS 
Trochlear angle* 3 
Neck angle (M-16) 232 
Torsion angle (M-17) 34° 
Posterior calcaneal angle (M-15) 41° 
Subtalar angle* 594 


! Distance from the distal head to the proximal lateral tubercle parallel to the sagittal 
plane of the trochlea. 

* Distance from plantar-lateral tip of the lateral malleolar surface to the highest point 
on the lateral malleolar arc, measured in the coronal and sagittal planes determined 
by the horizontal plane of the mid-trochlea. 

*The antero-posterior maximum distance on the articular surface for the lateral 
malleolus (Day & Wood, 1968). 

* Angle between the medial and lateral margins of the middle of the trochlea 
(Trinkaus, 1975b). 

° Angle between the long axis of the subtalar joint (midline across the medial and post- 


erior calcaneal surfaces) and the median sagittal plane of the trochlea (Trinkaus, 1975b). 
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Table 18 Discrete trait features of the Gough’s Cave 1 right talus. 


Calcaneal surface fusion partial anterior & medial! 


Anterior extension of the medial malleolar present 
surface? 
Medial extension of the trochlea present 
Lateral extension of the trochlea present 
Medial squatting facet absent 
Lateral squatting facet present 
Sulcus tali facet absent 
Sulcus tali margin rounding present 


! Partial fusion of the anterior and medial surfaces with a notch present along the 
sulcus tali margin (see Trinkaus, 1975a). 
? For definitions of variations, see Barnett (1954) and Trinkaus (1975a). 


Table 19 Osteometrics of the Gough’s Cave | right cuboid. 


Maximum length (M-1) 38.4 
Medial length! 29.7 
Lateral length (M-2) 13.5 
Height? 26.6 
Calcaneal height? 23.5 
Calcaneal breadth* 30.0 
Navicular height 11.2 
Navicular breadth 5.8 
Lateral cuneiform height WS 
Lateral cuneiform breadth 132 
Metatarsal 4/5 height 193 
Metatarsal 4/5 breadth 28.5 
Metatarsal 4 height 193 
Metatarsal 4 breadth a 
Metatarsal 5 height 14.5 


Metatarsal 5 breadth 15.8 


' Minimum distance on the medial side between the calcaneal and metatarsal 4 
facets. 

? Maximum dorso-plantar height of the bone. 

> All articular facet heights are the maximum dorso-plantar dimension of the articular 
facet in question. 

* Articular facet breadths are the maximum medio-lateral dimensions for the 
calcaneal and metatarsal facets and the maximum proximo-distal dimensions for the 
navicular and Jateral cuneiform facets. 


relatively long bone that is strongly narrowed laterally. An index 
comparing its maximum length to that of the talus provides a value 
of 69.8, which is exceeded only by that of Le Peyrat 5 (70.9) in a 
small 80% male sample of Mesolithic cuboid bones (62.8 + 5.0, N= 
5). At the same time, its index of the lateral length to maximum 
(medial) length (35.2) is the lowest of the available Mesolithic 
indices (49.7 + 8.3, N=5), again approached only by the one from Le 
Peyrat 5 (35.8). 

The non-articular surfaces of the bone are quite porous, and the 
articular surfaces themselves have generally distinct but rounded 
margins. There is a large facet for the navicular bone, which 1s 
separated from the calcaneal facet by 2.0mm of non-articular bone 
and blends into the lateral cuneiform facet with only a modest angle 
in the subchondral bone surface. The metatarsal 4 and 5 facets are 
partially separated by a vertical ridge, with the metatarsal 5 facet 
being distinctly wider but shorter. 

The peroneal sulcus exhibits a lateral projection for the tendon of 
M. peroneus longus, but its surface shows no evidence of an articu- 
lation with a sesamoid bone. 


| 


| 
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METATARSALS 


Inventory 

Metatarsal 1 Right (No. 1.1/33). 
Metatarsal 3 Right (No. 1.1/32). 
Metatarsal 4 Right (No. 1.1/31). 


Complete bone. 
Complete bone. 


Complete bone. 


Morphology 


The three preserved metatarsal bones of the Gough’s Cave | right 
foot present an unexceptional morphology, with relatively smooth 
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surfaces and distinct articular facets. The metatarsal | presents a 
strongly twisted medial cuneiform facet and a large but smooth M. 
peroneus longus tubercle. Distally, it has a relatively flaring surface 
for the lateral sesamoid bone, and a clear lateral deviation of the head 
indicating hallux valgus. 

Robusticity indices for the Gough’s Cave ] metatarsals (geomet- 
ric mean of the midshaft diameters versus articular length) are 
similar to Mesolithic means for the first and fourth rays (metatarsal 
]: 22.9 versus 23.0 + 1.6, N = 5; metatarsal 4: 12.9 versus 13.1 + 0.7, 
N = 5). The third metatarsal, however, has a robusticity index (12.2) 
which is two standard deviations below the mean of a Mesolithic 
comparative sample (13.4 + 0.6, N = 5). 


Fig. 16 Plantar (above), medial (below left) and lateral (below right) views of the Gough’s Cave | right metatarsals: x 1. 
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Table 20 Length and midshaft diaphyseal measurements of the Gough’s 
Cave | right metatarsals; in mm, unless otherwise noted. 


1 3 4 
Maximum length 617 724 714 
Articular length (M-1, M-2) 59.6 70.4 69.4 
Midshaft height (M-4) 14.4 9.7 MES 
Midshaft breadth (M-3) 12.9 7.6 7.1 
Total area (mm?) 145.9 57.9 63.0 
Cortical area (mm?) TES S107 50.6 
Medullary area (mm?) 70.3 We 12.4 
Dorso-plantar 2nd moment of area (1) (mm‘) 1438.1 331.0 472.1 
Medio-lateral 2nd moment of area (1 ) (mm*) 1174.9 207.2 193.7 
Polar moment of area (mm*) j 2613.0 538.2 665.8 


Table 21 Osteometrics of the Gough’s Cave | right metatarsal epiphyses. 
1 3 4 
Proximal maximum height (M-7) 30.1 21.0 19.0 
Proximal maximum breadth (M-6) 21.6 143 331 
Proximal articular height SOLL 20.7 18.6 
Proximal articular breadth 16.8 13.6 11.9 
Lateral cuneiform breadth’ 23 
Dorsal metatarsal 2 height? 8.7 
Dorsal metatarsal 2 breadth 9.2 
Plantar metatarsal 2 height 8.4 
Plantar metatarsal 2 breadth 4.8 
Metatarsal 3 height 10.6 
Metatarsal 3 breadth 11.0 
Metatarsal 4 height 11.3 
Metatarsal 4 breadth Wee 
Metatarsal 5 height 10.3 
Metatarsal 5 breadth 11.3 
Distal height (M-9) 22.39) 1555 14.4 
Distal maximum breadth (M-8) ZO 10S loll 
Distal articular breadth 20.2 9.8 9.4 
Distal medial height’ 19.6 
Distal lateral height 20.9 
Torsion angle (M-11) aye 14° 255 
Horizontal angle* 16° 21° 
Vertical angle 4° 153 
Horizontal head angle® PP 


'Breadths of the secondary proximal metatarsal facets are all proximo-distal. 

? Heights of the secondary proximal metatarsal facets are all dorso-plantar, 

*Distal medial and lateral heights are from each hallucal sesamoid sulci to the dorsal 
margin of the metatarsal head. 

*Angle between the coronal plane of the main metatarsal facet and the diaphyseal 
axis in the horizontal plane of the bone. A positive angle indicates a medial deviation 
of the facet. 

‘Angle between the coronal plane of the main metatarsal facet and the diaphyseal 
axis in the sagittal plane of the bone. A positive angle indicates a plantar deviation of 
the facet. 

‘Angle in the horizontal plane between the intersesamoid crest and the diaphyseal 
axis. 


The relative lengths of the Gough’s Cave ] metatarsals can be 
assessed by comparing their articular lengths to talar length and 
femoral bicondylar length. In the first comparison, the first and third 
rays produce indices of 108.4 and 128.0, which are slightly shorter 
and longer respectively than the means of a Mesolithic sample 
(metatarsal 1: 113.6 + 7.3, N = 5; metatarsal 3: 122.9 + 11.8, N = 5). 
Comparing the same lengths to femoral length produces indices of 
13.7 and 16.1, values which are similar to and slightly above the 
means of a Mesolithic sample (13.8 + 0.8, N = 5 and 15.6 + 1.1, N = 
5 respectively). 
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SUMMARY 


The lower limb remains of Gough’s Cave ] are therefore those of a 
largely average young adult male, compared to other European 
Mesolithic specimens. Overall diaphyseal robusticity is generally 
similar to that of other Mesolithic specimens, even though the ftbula 
and third metatarsal appear relatively gracile. In general, however, 
musculo-ligamentous attachment areas are weakly marked, in terms 
of the prominence, size and rugosity of the various crests and 
tuberosities. The exceptions to this are the marked pilasters of the 
femora (but weak lineae asperae) and the large proximal tibio-fibular 
ligament crest on the right fibula. 

The proximal femora and the femoral diaphyses exhibit a clear 
asymmetry, especially in their neck-shaft angles and diaphyseal 
dimensions. This asymmetry is accompanied, in the pelvis, by a 
greater degree of lateral flare of the left ilium. It is not possible to 
determine, given primarily preservation of only the right side below 
the knee, whether this asymmetry continued distally. 

These aspects are associated with a pelvis that combines several 
distinctly male characteristics with an overall pelvic aperture shape 
which is female. 


ACKNOWLEDGEMENTS. [Í would like to thank Chris Stringer for inviting 
me to participate in the Cheddar Man project. 1 am very grateful to Steve 
Churchill for taking over the description of the upper limb and axial remains, 
thereby relieving me of the need to sequence the ribs, and to Trent Holliday 
and Steve Churchill for dealing with issues of body size and proportions. 
Steve Churchill also collected lower limb osteometrics and generated the raw 
data for the Mesolithic comparative lower limb cross sections, and Erik 
Ozolins digitized all of them. The femoral and tibial cross-sectional geometry 
samples were greatly expanded through the work of Brigitte Holt. My 
participation in this project has been supported by the Interdisciplinary 
Research Fund of the Natural History Museum (London) and National 
Science Foundation grant SBR-9318702. To all of these individuals and 
institutions Í am grateful. This paper was submitted and accepted for publica- 
tion in October 1997. 


REFERENCES 


Barnett, C.H. 1954. Squatting facets on the European talus. Journal of Anatomy, 
London, 88: 509-513. 

Barral, L. & Primard, S. 1962. L'homme du Rastel. Commune de Peillon (A.-M.). 
Bulletin du Musée d’Anthropologie Préhistorique de Monaco, Monaco, 9: 171-190. 

Brauer, G. 1988. Osteometrie. In: Anthropologie I. Stuttgart: Fischer Verlag. pp.]60- 
232. 

Combier, J., and Genet-Varcin, E. 1959. L'homme mésolithique de Culoz et son 
gisement. Annales de Paléontologie, Paris, 45: 141-174. 

Cremonesi, G., Parenti, R., & Romano, S. 1972. Scheletri paleolitici della Grotta 
delle Veneri presso Parabita (Lecce). Atti della XIV Riunione Sci. dell'Istituto 
Italiano de Preistoria e Protoistoria, Rome, pp.105—117. 

Day, M.H. & Wood, B.A. 1968. Functional affinities of the Olduvai Hominid 8 talus. 
Mon, London, n.s. 3: 440-455. 

Eschman, P.N. 1992. SLCOMM Version 1.6. Albuquerque: Eschman Archeological 
Services. 

Ferembach, D. 1976. Mensurations individuelles des squelettes Mésolithiques de 
Moita do Sebastião (Muge — Portugal). Paris: Laboratoire d’ Anthropologie Biologique 
de l’École Pratique des Hautes Études. 

Genet-Varcin, E., Vilain, R., & Miquel, M. 1963. Une seconde sépulture mésolithique 
à Culoz (Ain). Annales de Paléontologie (Vertébrés), Paris, 49: 305-324. 

Graziosi, P. 1947. Gli uomini paleolitici della Grotta di S. Teodoro (Messina). Rivista 
Scienze preistoria, Rome, 2: 123-233. 

Holliday, T.W. 1995. Body Size and Proportions in the Late Pleistocene Western Old 
World and the Origins of Modern Humans. Ph.D. Thesis, University of New Mexico. 

& Churchill, S.E. 2003. Gough’s Cave 1 (Somerset, England): an assessment of 

body size and shape. Bulletin of the Natural History Museum, Geology, 58(supple- 

ment): 37—44. 


GOUGH’S CAVE |: STUDY OF PELVIS AND LOWER LIMBS 


Holt, B. 1999. Biomechanical Evidence of Decreased Mobility in Upper Paleolithic and 
Mesolithic Europe. Ph.D. Thesis, University of Missouri — Columbia. 

Lovejoy, C.O., Heiple, K.G. & Burstein, A.H. 1973. The gait of Australopithecus. 
American Journal of Physical Anthropology, New York, 38: 757-779. 

McCown, T.D. & Keith, A. 1939. The Stone Age of Mount Carmel II. Oxford: 
Clarendon Press. 

Nagurka, M.L. & Hayes, W.C. 1980. An interactive graphics package for calculating 
cross-sectional properties of complex shapes. Journal of Biomechechanics, Oxford, 
13: 59-64. 

Paoli, G., Parrenti, R. & Sergi, S. 1980. Gli scheletri mesolitici della Caverna delle 
Arene Candide (Liguria). Memorie dell'Istituto Italiano di Paleontologia Umama, 
Rome, 3: 33-154. 

Patte, E. 1968. Lhomme et la femme de l’ Azilien de Saint Rabier. Mémoires du 
Muséum National d'Histoire Naturelle, Paris, Série C. 19: 1—56. 

Pittard, E. & Sauter, M.R. 1946. Un squelette magdalénien provenant de la station des 
Grenonilles (Veyrier, Haute Savoie). Archives suisses d’Anthropologie Générale, 
Geneva, 11: 149-200. 

Radlauer, C. 1908. Beiträge zur Anthropologie des Krenzbeines. Gegenbaurs 
Morphologisches Jahrbuch, Leipzig, 38: 323—447. 

Ruff, C.B. 1990. Body mass and hindlimb bone cross-sectional and articular dimen- 
sions in anthropoid primates. /n: Damuth, J. & MacFadden, B.J. (eds.), Bady Size in 
Mammalian Paleobiology: Estimation and Biological Implications. New York: Cam- 
bridge Univ. Press. pp. 119-149. 

1991. Climate and body shape in hominid evolution. Journal of Human Evolution, 

London, 21: 81-105. 

1995. Biomechanics of the hip and birth in early Homo. American Journal of 
Physical Anthropology, New York, 98: 527-574. 

— & Hayes, W.C. 1983. Cross-sectional geometry of Pecos Pueblo femora and 
tibiae ~A biomechanical investigation: 1. Method and general patterns of variation. 
American Journal of Physical Anthropology, New York, 60: 359-381. 

—, Trinkaus, E., Walker, A. & Larsen, C.S. 1993. Postcranial robusticity in Homo, 


21 
}: Temporal trends and mechanical interpretations. American Journal of Physical 
Anthropology, New York, 91: 21-53. 

Runestad, J.A., Ruff, C.B., Nieh, J.C., Thorington, R.W. & Teaford, M.F. 1993. 
Radiographic estimation of long bone cross-sectional geometric properties. Ameri- 
can Journal of Physical Anthropology, New York, 90: 207-213. 

Schultz, A.H. 1930. The skeleton of the trunk and limbs of higher Primates. Human 
Biology, Detroit, 2: 303-438. 

Tague, R.G. 1989. Variation in pelvic size between males and females. American 
Journal of Physical Anthropology, New York, 80: 59-71. 

Tardieu, C. & Trinkans, E. 1994. The early ontogeny of the human femoral bi- 
condylar angle. American Journal of Physical Anthropology, New York, 95: 
183-195. 

Trinkaus, E. 1975a. Squatting among the Neandertals: A problem in the behavioral 
interpretation of skeletal morphology. Journal of Archaeological Science, London, 2: 
327-351. 

1975b. A Functional Analysis of the Neandertal Foot. Ph.D. Thesis, Univ. of 
Pennsylvania. 

— 1976. The evolution of the hominid femoral diaphysis during the Upper Pleistocene 
in Europe and the Near East. Zeitschrift fiir Morphologie und Anthropologie, Stutt- 
gart, 67: 291-319. 

—— 1983. The Shanidar Neandertals. New York: Academic Press. 

1993. Femoral neck-shaft angles of the Qafzeh-Skhul early modern humans, and 

activity levels among immature Near Eastern Middle Paleolithic hominids. Journal 

of Human Evolution, London, 25: 393-416. 

1996. The M. obturator internus sulcus on Middle and Late Pleistocene human 
ischia. American Journal of Physical Anthropology, New York, 101: 503-513. 

Trotter, M. & Lanier, P.F. 1945. Hiatus canalis sacralis in American whites and 
negroes. Human Biology, Detroit, 17: 368-381. 

Warren, E. 1897. An investigation on the variability of the human skeleton: with 
especial reference to the Naqada race. Philosophical Transactions of the Royal 
Society, London, Series B, 189: 135-227. 


